e have recently described the survival, neural connectivity,' and vascularization2 of fetal neocortical grafts implanted in the infarcted area after a middle cerebral artery occlusion (MCAO) in the spontaneously hypertensive rat (SHR). Preliminary studies in our laboratory have not been successful in establishing a behavioral test suitable for transplantation purposes. The main reason has been a spontaneous recovery in all test groups, making it impossible to evaluate a behavioral effect of the grafts.
Although an increasing body of knowledge has emerged on behavior after MCAO in the rat during the past years,3-9 only a few studies have extended behavioral observation for more than a month's time after the insult.'0'11 The aim of the present study was to perform a behavioral follow-up for several months after MCAO, which is essential when evaluating therapeutic procedures, such as neural transplantation, that could be expected to exert an effect after a longer period of time.
Deficits in sensorimotor integration were highly correlated to lesion size 3 weeks after a right MCAO in the SHR."7 In addition, amphetamine-induced rotation discriminated between lesioned and control groups but was poorly correlated to lesion size. The outcome of these tests at later time points after MCAO has not been See Editorial Comment, page 895 studied. Recently, Montoya et al12"3 developed a test measuring independent forelimb reaching and grasping abilities in rats. Since different paradigms for skillful forelimb use previously have demonstrated contralateral reaching deficits after unilateral lesions of the neocortex14-'7 and the striatum,16'8 regions affected by a proximal MCAO, we decided to evaluate this new test in a behavioral study after MCAO.
The present study includes testing of forelimb function, amphetamine-induced rotation, and sensorimotor integration behavior 1, 2, and 3 months after MCAO in the SHR. A rotation test was performed before surgery to determine the preoperative rotation side-bias. To monitor to what extent any lesion-induced deficits in the paw-reaching test were due merely to an inability to learn new motor skills, half of the rats were trained to a criterion level before being subjected to surgery. Lesion size was assessed morphometrically on histological sections from 12 coronal levels. Touching the paws could also result in a slow or fast removal of the limb, which was rated as a score of 1 or 2, respectively. The regional scores were added separately for each side. It was noticed that the more alert the rat the higher the scores were registered on both sides. (Fig 1) . The ischemic damage resulted in a reduction of cross-sectional area of the operated hemisphere to 78±2% (mean±+1 SEM) of the value of the nonoperated hemisphere. This is a smaller lesion than previously reported,5,7 in which we used a different subline of SHR (SHR/Mol). The caudate puta- In the following presentation of the behavioral tests, the rat without histologically verified infarct was excluded from all results except for the correlational analysis between lesion size and test outcome. Fig 2 shows the mean number of pellets consumed on the contralateral and ipsilateral side for all groups in the paw-reach test. The main findings were seen on the contralateral side, where an analysis of variance (ANOVA) from months 1 to 3 yielded a significant difference between groups (P=.0001). Both lesion groups, irrespective of pretraining, displayed poor performances at all test sessions, and intergroup comparisons revealed highly significant differences from the respective control group (P<.01). Ipsilateral to the lesion, the infarct groups also displayed a deficit, although less pronounced than on the contralateral side. The statistical analysis showed a significant difference between groups (P=.006). Post hoc Scheffe's test showed differences (P<.05) between MCAO groups and controls 2 and 3 months after the lesion.
Groups that were not pretrained in the paw-reach task were first presented to the test 1 month after surgery. Fig 3 depicts the results of 9 consecutive test days in this session. Groups that were pretrained versus groups that were not pretrained were compared to evaluate any pretraining effect. Contralateral to the lesion, a significant difference between control groups (P=.0002) was seen. The controls that were not pretrained successively acquired the task, and by day 8 the performance was not significantly different from that of the pretrained controls. The corresponding analysis for the MCAO groups only revealed a pretraining effect up to day 2. Ipsilaterally, the curves had a similar course for both groups that were not pretrained. The MCAO group learned the task slightly more slowly, which is indicated by a shift of the curve to the right and the fact that significant differences from the pretrained MCAO group were evident up to day 8 compared with day 5 in the comparison between the control groups. Fig 4 depicts the paw-reaching error. On the contralateral side, a significant difference for groups was found (P=.0002), and individual comparisons showed that the reaching error for the MCAO group with no pretraining was significantly larger than the error for the control group and the pretrained MCAO group (both P<.05) 1 month after surgery. No significant differences of pawreaching error were seen between the groups 2 and 3 months after the lesion. In contrast, the MCAO groups displayed significantly higher error rates with the ipsilateral paw compared with controls at 2 and 3 months after surgery.
To evaluate whether there was a difference in performance when the staircase was baited only contralaterally instead of bilaterally, the number of pellets consumed contralaterally was compared on days 9 and 10 and on days 4 (percentage of ipsilateral/contralateral hemisphere cross-sectional area), paw-reach (mean contralateral performance during days 6-9 and days 1-4), sensorimotor test (ipsilateral minus contralateral score), and rotation (number of ipsilateral rotations).
the number of rotations on both sides because of an increase of net rotation (difference between predominant and nondominant direction of rotation), which, however, was of a lower magnitude than that of the MCAO group (Table 1) .
The MCAO group displayed a reduced sensorimotor function contralateral to the lesion, which partly improved with time (Fig 6) . However, 3 months after surgery the MCAO group still differed significantly from the control group (P=.0006, Scheffe's post hoc test). Table 2 presents the correlation of the three behavioral tests at the different time points to the extent of the total lesion as assessed histologically. The paw-reach test exhibited overall significantly high correlation coefficients, and the result 3 months after surgery is shown in Fig 7. The outcome of the sensorimotor integration test significantly correlated to lesion size 1 and 2 months after the insult, whereas the correlation analysis never reached statistical significance for circling behavior. The rotational data were manipulated in several ways (such as forming differences and quotients between preoperative and postoperative results) without receiving any different results. The outcome of the behavioral tests also correlated to lesion extent of the caudate putamen and the thalamus. None of these computations revealed higher correlation coefficients than those presented in Table 2 . Discussion The paw-reach test revealed large deficits contralateral to the infarct side when the number of pellets (Fig 2) , with no improvement during the experimental period. Except for the initial test days I month after surgery (Fig 3) On the ipsilateral side, both MCAO groups also exhibited paw-reaching deficits, although they were less pronounced than contralaterally (Fig 2) 13 The apparent lack of side asymmetry in their work could possibly be explained by a relative "shortage" of pellets on the ipsilateral side.
Two and 3 months after surgery, the percentage of reaching error (Fig 4) did not differ between groups on the contralateral side, in contrast to the large differences in the amount of pellets eaten on that side (Fig 2) , implying that the accuracy of reaching improved with time, whereas speed or motivation did not. Delayed movement initiation after lateral ibotenate-induced lesions of the striatum has been demonstrated in a different paw-reach test,24 an observation that is in agreement with the present findings.
Amphetamine-induced ipsilateral circling after MCAO (Fig 5) has previously been demonstrated57 and is most probably caused by damage of the striatum.26,27 A rotation side-bias was also revealed in the control group, since net rotation (Table 1) increased between the first and second test, indicating an exaggeration of the inherent lateralized circling behavior known to exist both spontaneously and after drug treatment in rats.26 A continuous rise in net rotation was subsequently observed for both test groups, and the previous literature provides evidence for rotational behavior to be progressively enhanced by both amphetamine28 and classic conditioning. 29, 30 In the present study (Table 2 ) as well as in previous studies,57 neither total lesion size nor extent of striatal damage correlated to postoperative circling behavior. This time we allowed for each animal's preoperative magnitude and direction of rotation in the calculation of lesion-induced circling. This measure also did not significantly correlate to the extent of ischemic damage.
The sensorimotor integration test 1 month after surgery (Fig 6) trol level 20 days after the insult, whereas our groups still were significantly different from each other after 3 months. Similar to our previous study,7 test scores were significantly correlated to lesion size 1 month after surgery ( Table 2 ). The correlation was weakened later in the study and became nonsignificant at 3 months. This suggests that plasticity of the nervous system, as understood from decreasing sensorimotor asymmetry, reduces the impact of lesion size in course of time.
The stable deficit in consuming pellets contralateral to the infarcted hemisphere in the paw-reach test contrasted with the recovery of sensorimotor function.
The sensorimotor test measures the attentional capacity of sensory stimuli by a rather crude motor score, whereas the former test requires a very specific and skilled function of the forepaw. It may be pertinent to allude to the clinical course in human stroke, where the degree of recovery of movement at the larger joints is larger than that of the hand.
In summary, amphetamine induced significant differences in rotational behavior between controls and the MCAO group, but no correlation between lesion size and degree of circling was noted. This finding, together with increasing net rotation in both experimental groups caused by other factors (presumably drug sensitization and conditioning), restricts the application of the test in the MCAO model. The sensorimotor test correlated to lesion size early in the experiment, suggesting that it may be particularly useful for behavioral evaluation in studies lasting for shorter time periods. The paw-reach test, using absolute values of consumed pellets, provides a stable behavioral parameter that is highly correlated to lesion size. It is not necessary to train the task before the lesion is induced. The paw-reach test may be used for therapeutic trials with the MCAO model that extend for a period of several months.
